
Liquid Scintillator for a 50 KTon Off-Axis 
Neutrino Detector

MACRO

NuTeV

• Why Liquid Scintillator?
– Many examples of large detectors

• Good performance – over long times
• Proven tracking and calorimetry
• Construction experience and costing
• Minimal care needed

– Low cost
– Adjustable shape

• Longer for more fiducial volume
•Thicker for more light

– Ease of installation
• Light weight container
• Pour in place

Kamland



Components – Extensively Tested for MINOS and OPERA

Bicron 517 L
• Good light yield
• No chemical reactivity 
with other elements
• Long experience

Kuraray wavelength shifting fibers
• Good attenuation length
• No reactivity with BC517L scintillator
• MINOS experience

Extruded PVC containers
• Strong Multi- Cell structure
• No reactivity with B517L 
scintillator

Border et al, NIM A 463, 194-204 (2001)

Hamamatsu APD photodetector array
• Good pixel size
• Excellent QE
• Low gain but amplifiers available

Benussi et al, NIM A 488, 503-516 (2002)

Commercially Available
• Large Quantities
• Low Cost



The Detector – A Simple Design
• Height 15 m
• Width 30 m
• Scintillator Active Detector
• Particle Board Passive Material 

(density .6 - .7)
• Alternating horizontal and 

vertical detector planes
• 1/3 radiation length between 

detector planes

readout

re
ad

ou
t

re
ad

ou
t

15 m 15 m

15 m

48 ft

8 ft 8 ft
Scintillator
modules4 ft

8 in
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5300 = detector
6 = 1 plane

180 m

800 planes = detector

Fiducial fraction (1 m cut at all edges) 80%



NER108, PRP108, 
PS2-92Code Approvals

1/4" through 1-1/2"Thicknesses

4' x 8' (47 7/8" x 95 
7/8") to 8' x 28'

Size

Aspen, Balsam, 
Birch, Pine, PoplarSpecies

APA, CSA O-2,Grading 
Certification

Bemidji (APA # 
353)
Cook (APA # 366)
Grand Rapids 
(APA # 396)

Mill Numbers

1.3 billion sq. ft. 
(3/8" basis)

Total Annual 
Production

PRODUCTION INFORMATION

7 AM to 3 PM
Monday-Friday

Grand Rapids –

24 hours/day,
7 days/week

Cook –

24 hours/day,
7 days/week

Bemidji –Loading Hours

Flatbeds, VansGrand Rapids –

Flatbeds onlyCook –

Flatbeds onlyBemidji –Trucks

BNGrand Rapids –

CNCook –

BN and CPRSBemidji –Rail Service

Shipping Information near Detector Site

(300 off-axis detectors)



 

Deflections – 3 Pt. Support 

3 point support gives maximum deflection 
of less than 2.5 cm with no edge brackets 
and no scintillator modules!

modules

Finite element analysis Detector Embedded 
in Wood Laminate

2 - 8 ft x 24 ft x 1 1/8 in boards
2 - 8 ft x 12 ft + 1- 8ft x 24 ft boards

Module layers
2 – 4 ft x 24 ft boards

Laminate layers of wood

Scintillator
modules

modules

edge
brackets

1 stack



1.2 m
2.9 cm

14.6 m

1 module – Extruded PVC
• 32 cells/module
• 1 scintillator layer/plane
• 0.09 tons/module (unfilled)

980, 1050, 1220, 
1250, 2100 mmStandard Widths

walls/ceilings

2.9 cm
3.8 cm

1 cell
• 1.5 mm outer wall
• 1 mm inner wall
• WLS read out for scintillator

Scintillator Container

14.6 m

3.8 cm

Wavelength 
shifting fiber 
– 0.8 mm

U loop - 4 times 
photons at far 
end as single 
fiber



Scintillator and Wavelength Shifting Fiber
• Scintillator Element Length 48 ft

– Sufficient light output with single 
ended readout (U loop)

– Good shipping length
– Good event containment
– Good assembly unit

• Scintillator Material
– Liquid (41.4 photons/mip)

• Bicron 517 L 4 cm x 3 cm
• WLS Fiber

– Kuraray 0.8 mm diameter
– U loop

• Photodetector
– APD

600,000 channels
( 30 x MINOS)

400,000 m2 ( 16  x MINOS)

( 2  x MINOS)

( 0.7  x MINOS)





Measurement 
of Long Fiber 
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Photon Economics Based on Measurements

• .95 pe/mip @ 15 m with 1.2 mm fiber with MINOS 
scintillator (1 cm) and pmt

• 10.6 pe @ 15 m with 1.2 mm fiber with MINOS 
scintillator and APD (1.6x spectrum, 7x QE at peak)

• 42.5 pe @ 15 m with 1.2 mm fiber U loop, APD with 
MINOS scintillator

• 28 pe @ 15 m with 0.8 mm fiber U, APD with MINOS 
scintillator

• 55 pe @ 15 m with 0.8 mm fiber U, APD with liquid 
scintillator (3 cm x 4 cm cell gives 1.3x photons produced, 1.5x 
geometry)



Photon Statistics
Solid
MIP
28 pe x 100 gain = 2800 electrons
Noise
350 electrons (amplifier)
100 electrons (APD)
S/N = 7.7

Liquid
MIP
55 pe x 100 gain = 5500 electrons
Noise
350 electrons (amplifier)
100 electrons (APD)
S/N = 15

Solid Scintillator Response 
Calculation at 48 ft.

0 50 100
0

0.05

0.08

0

Ptot x sig,( )

Ptot x sig2,( )

Ptot x bg,( )( )

1200 x

noise
1 mip

2 mip

Pulse height

nu
m

be
r

APD cooled to 0oC
MASDA chip



Module Manifold

extrusion
module

injection molded snout

extruded

body
manifold

injection molded end cap

fill & drain
ports

Optical connection
above liquid level

60 wls fibers

Horizontal module

End seal

30 cells

manifold

Vertical module

30 cells



Assembly at Far Detector Site

• Assembled plastic modules
• Liquid scintillator fluors
• Mineral oil
• Wood (particle board or 

orientated strand board)
• Electronics

Delivered to Site

Use MINOS Experience

Assembly
• Glue and screw wood together with 2 modules imbedded = 1 stack
• Glue and screw stacks together to make a detector plane in place
• Mix Liquid scintillator fluors with mineral oil
• Pump liquid scintillator into modules



Important Costs
• Scintillator $1.3M/kTon ($1.1/m3)

$9M/detector

• PVC extrusions (18k modules) 83.8 kg/module

– Extrusions $211/module ($1.07/lb)
$3.8 M/detector

– Manifolds & endcaps $275 /module

$5 M/detector

• WLS fiber (924m/module) $517/module ($0.56/m)

$9.3 M/detector

• APD $86/module (32 channels)

$1.5 M/detector

• Cooling, power, electronics $130/module (30 channels)

$2.3 M/detector

• Wood $0.29 M/kTon ($0.13/lb)

$12M/detector
Total Major Components

$9M

$9M

$9M

$4M

$43M

$12M



Other Important Cost Estimates

• Active detector assembly $1.5M/detector

• On-site detector assembly $4.6M/detector

• On-site scintillator mixing and filling hardware $3 M/detector

• Shipping scintillator modules $2.2M/detector

Total Other $11.3M

• Building $55M/detector

Note: Cost of Detector = Cost of Building to House It

Total Detector Costs $54.3M



Assembly Tasks
• Assemble and Test Plastic Modules with fiber, manifolds, seals, optical 

connector
• Build machines for module assembly
• Purchase and test plastic modules
• Purchase and test fiber
• Purchase and test optical connectors
• Purchase, test, and assemble manifolds
• Purchase and test APDs
• Purchase and test wood
• Manage on-site detector assembly
• Contract building construction
• Purchase and test front-end electronics chip
• Purchase and test cooling chips
• Purchase and test voltage sources
• Assemble and test front end electronics
• Assemble and test DAQ
• Assemble and test detector monitoring devices
• Build scintillator mixing and filling equipment
• Purchase and test scintillator and mineral oil
• And more (near detector, cosmic ray shield, …..)



R & D 
Assure Performance & Reduce Cost

• Building Design and Detector Layout
• Optimization of Cell Size, Fiber Diameter, Element Length
• Possible New Materials (scintillator, fiber, containment, passive 

absorber, photodetector)
• Plastic Module Construction and Assembly
• Detector Construction and Assembly
• Materials Testing and QA Procedure
• Scintillator Mixing and Filling 
• Fiber - Photodetector Mechanical Interface
• Front End Electronics
• Triggering (additional physics at what additional cost)
• Cosmic Ray Shield
• DAQ
• On-line Software and Diagnostics
• Analysis Software and Simulations
• Near Detector



50 KTon Off-Axis Liquid Scintillator Detector 

Ken Heller
University of Minnesota

Substantial Contributions To This Talk from many including : Pete Border, 
Carl Bromberg, Tom Chase, John Cooper, Tim Durkin, Vic Guarino, Peter 
Litchfield, Marvin Marshak, Bill Miller, Leon Mualem, Jeff Nelson, John 
Oliver, Nathaniel Pearson, Earl Peterson, David Petyt, Gina, Rameika, 
Keith Ruddick, Roger Rusack, Jon Urheim, Alfons Weber, Ray Yarema, 
Tom Zimmerman, …..

We Have an Existence Proof of a Design 
Now Let’s Make It Better and Cheaper


